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Abstract
This paper is the edited translation of a short paper by Felix Exner “Über monatliche Witterungsanomalien auf der nördlichen Halb-
kugel im Winter” (On monthly weather anomalies in the Northern Hemisphere in winter), which was published in Meteorologische
Zeitschrift 31, 104–109. The paper is a summary of a more extensive paper by the same author published in full in the Sitzungsberichte
der Kaiserlichen Akademie der Wissenschaften.
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In the years between 1897 and 1910, H.H. Hilde-
brandssonE2 published four studies about the atmo-
spheric centres of action2, in which he dealt with rela-
tionships among different weather anomalies in distant
parts of the world. Hildebrandsson represented the re-
lationships using the graphical method, that is, the vi-
sual comparison of two curves, which is hardly satisfac-
tory. Recently, G.T. Walker3,E3 applied the correlation
methodE4 to similar studies based on weather conditions
in IndiaE5 and Egypt, and introduced a method of repre-
sentation that seems to make such studies more valuable.
It seems reasonable to use this method to study and rep-
resent such relationships in extratropical countries.
A grant from the “Royal Academy of Sciences in
Vienna I” enabled me to collect observational materi-
als for such a study and to examine the materials using
the correlation method. From the beginning, I focused
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on the examination of monthly anomalies, that is, devi-
ations of single monthly values from multi-annual mean
values of air pressure and temperature on the Northern
Hemisphere in the winter months.
Fifty stations on the Northern Hemisphere were se-
lected because they had the most complete observations
of air pressure and temperature from 1897 to 1906.
Later, it was necessary to include observations from
1887 to 1896 to confirm the relationships that we found.
For individual stations, observations from a third and
even earlier decade were also considered.
The study consists of two parts. The first part deals
with the correlations of simultaneous anomalies that are
of interest for global atmospheric circulation, climate,
etc. The second part deals with anomalies in subsequent
months. Such relationships can be useful for forecasting
because an anomaly at one location may point to an
anomaly at another location in a following month.
It is beyond the scope of this paper to introduce the
correlation method. To determine a simple correlation
coefficient, the reader should consult my technical paper
in Meteorologische Zeitschrift, 1910, page 263E6. The
method of partial correlation coefficients, which is used
to represent the dependence of one variable on several
others, can be found, for instance, in the beautiful book
by C. Udny Yule, “An introduction to the theory of
© 2015 The authors
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statistics”4 or (without theoretical basis) in my paper
“About the correlation method,” published by G. Fischer
in JenaE8.
This method requires first calculating mean [abso-
lute] anomalies to express existing anomalies of single
months in units of the mean [absolute] anomaly. At the
same time, mean [absolute] values reflect the variability
of the monthly values of air pressure and temperature.
Among my stations, the largest mean [absolute] monthly
pressure anomaly could be found in StykkishólmurE9
(6 mm) and the largest [mean absolute] temperature
anomaly could be found in Jakobshavn [Ilulissat], West
GreenlandE9,E10 (4.8 ° [C]). The relationship between
the mean [absolute] pressure [anomaly] and the mean
[absolute] temperature anomalies is a reciprocal mea-
sure for the continentality of a site. It is largest in Ponta
Delgada, AzoresE9 (7.4 mm/°C), and smallest in inner
Asia and the interior of North America (0.6 mm/°C).
Drawing these values on a global map, the curves with
a ratio equal to one enclose the interior regions of North
America and Asia quite well. Western Europe appears
strongly oceanic (ratio of 2 to 3).
It would go beyond the scope of this paper to discuss
all of the relationships that could be found between
simultaneous anomalies of air pressure and temperature
at different stations. Instead, I confined myself to a brief
discussion of several that were chosen arbitrarily.
In inner Asia (i.e., Siberia), a positive pressure
anomaly corresponds to a negative temperature anomaly;
air pressure is a thermal consequence. This is different
in polar regions. To measure polar anomalies, the mean
values of the anomalies at two stations were calculated:
GjesværE9 (North Cap) and MarkovoE9 (in north-eastern
Siberia). Markovo is a very interesting station. Unfortu-
nately, observations at Markovo are only available from
1897 onwards (in Russian year books).
Following this method, positive pressure anomalies
were found to be related to positive temperature anoma-
lies in polar regions. Lower temperatures in polar re-
gions coincided with a stronger pressure reduction and
general atmospheric circulation on the Northern Hemi-
sphere. The correlation coefficients r between the pres-
sure anomaly Δp and the temperature anomaly Δt in
Siberia and the polar regions were −0.74 and 0.43, re-
spectively.
A comparison of Δp in the polar regions with the
simultaneous west–east component of the wind path in
Potsdam showed that a negative Δp in the polar regions
corresponds to a particularly strong general circulation
of the atmosphere. A value of r = −0.57 was found
for these anomalies. A decrease of polar pressure by
1 mm [Hg] corresponds to an increase of the westerly
component [of the wind path] of 90 km compared to a
mean value of the westerly component of 500 km per
month.E11
High pressure in the polar regions usually corre-
sponds to low pressure in the tropics, because mass
4London, by C. Griffin & Co., 1911, 2nd Ed., 1912.E7
abundance in the former indicates a lack of mass else-
where. The calculation gave a correlation coefficient of
r = −0.74 between pressure anomalies in the polar re-
gions and those at 20 ° latitude.
The polar pressure anomaly was found to have con-
siderable influence on simultaneous climatic anomalies
in the Northern Hemisphere. This is expected because
the polar pressure anomaly is a measure of general atmo-
spheric circulation. Correlations between the polar pres-
sure anomaly and pressure or temperature anomalies at
all stations show a peculiarly regular geographical distri-
bution, which is very similar for two decades and which
is represented as a map.E12
Concurrently, the areas neighbouring the polar re-
gions also show positive pressure anomalies. Towards
the south, the pressure anomalies become smaller and
approach zero. An area with negative pressure anomalies
in Europe and North Africa is noteworthy and has val-
ues of r between −0.6 and −0.7 (AlgiersE9, the Mediter-
ranean, and Italy). The situation is similar in the Gulf
of Mexico region. These contrasts are so distinct that
the correlations of the pressure anomalies calculated for
the station LuganoE9 are opposite to the correlations of
the polar regions. For instance, the correlation of polar
pressure with the pressure of BarnaulE9 is r = 0.46; the
correlation of the pressure of Lugano with the pressure
of Barnaul is r = −0.44.
It would go beyond the scope of this paper to dis-
cuss these patterns in detail. I will only point out sev-
eral conclusions regarding the climate. The correlations
show that Europe as well as Siberia and continental Rus-
sia are being warmed by atmospheric circulation. Siberia
would be even colder without this (thermal) effect. On
the other hand, the western coast of Greenland and the
eastern coast of North America are very cold for dynam-
ical reasons. A slowdown of atmospheric circulation re-
sults in a warming (1 mm [Hg] increase in polar pressure
means an average warming of 0.4 °–0.6 ° [C]; whereas
the corresponding cooling in Barnaul, Siberia, would be
0.6 °–0.7 ° [C]). Mediterranean countries are also cooled
by atmospheric circulation, especially in the east (how-
ever, the temperature effect only amounts to 0.2 ° [C]).
Therefore, atmospheric circulation warms the north-
western and central but cools the south-eastern parts of
Europe.
In North America, the north-western and the west-
ern parts are warmed by a slowdown of atmospheric
circulation; the eastern (south-eastern) part is cooled.
The changes are small but appear to occur regularly. At
first, this observation was surprising. It is common to at-
tribute the west coast’s high temperatures to sea winds.
However, these conditions can be understood by imag-
ining that without general atmospheric circulation, the
northern part of the North American continent would be
covered by a high-pressure area. There would be warm
southerly winds in the west and cold northerly winds
in the east. The increasing circulation compensates for
these differences rather than causing them.
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The strongest pressure increases due to a slow-
down of general atmospheric circulation occur in the
Greenland–Iceland region (1.1–1.4 mm per 1 mm [Hg]
polar pressure increase), and in the north of Siberia
(Obdorsk [Salekhard]E9 1.1 mm [Hg]). Thus, the mini-
mum in Iceland is caused dynamically by atmospheric
circulation, whereas the high pressure in northern Asia
in winter occurs despite atmospheric circulation.
The strongest pressure decreases associated with a
slowdown of general atmospheric circulation can be
found in central Europe and the western Mediterranean
Basin (0.6–0.8 mm [Hg]). Relatively low pressure in
winter is caused by the high temperature of the ocean
and increasing circulation. In Ponta Delgada, the pres-
sure is relatively high (Azores maximum). A slowdown
of atmospheric circulation results in a weakening of this
high-pressure area, which is, as in the Iceland minimum,
dynamically caused by the atmospheric circulation.
To briefly summarise the remaining results of this
study on simultaneous correlations:
1. General atmospheric circulation fluctuates in inten-
sity, resulting in peculiar pressure and temperature
anomalies at various locations. Generally, the pres-
sure contrasts occur between north and south, show-
ing a zonal distribution. Such contrasts are especially
intense between the polar regions and the Mediter-
ranean countries.
2. With constant polar pressure, contrasts between pres-
sure anomalies occur longitudinally in such a way
that positive and negative anomalies are separated by
about 180 ° longitude.
3. Pressure anomalies that closely surround a loca-
tion are naturally in agreement with local pressure
anomalies. However, such positive correlations can
also occur far from that location. This phenomenon
seems to concern specifically shaped, larger regions
that are anchored to specific locations.
4. The distribution resembles the expected tempera-
ture anomalies if the air flow in areas with positive
or negative pressure anomalies is similar to that in
high- and low-pressure areas, transporting tempera-
ture [anomalies] to other locations. In these areas, the
position of the isotherms indicates the direction, from
the centre of the pressure anomaly, in which the tem-
perature anomalies can be found.
As already mentioned, the second part of the study
shows the results from attempts to relate non-simulta-
neous anomalies of air pressure or temperature at differ-
ent stations.
In the following, the results are summarised:
On average, a positive anomaly of polar pressure
is followed by another positive anomaly in the follow-
ing month (r = 0.47). A month appears to be a pe-
riod that is shorter than the average lifetime of a polar
air pressure anomaly in winter, which is also true for
anomalies of general atmospheric circulation. Further-
more, high polar pressure in one month is usually fol-
lowed by high pressure in Greenland–Iceland, but low
pressure in SuezE9. These correlations are largely ex-
plained by the first correlation, because high polar pres-
sure in the following month is usually accompanied by
high pressure in the north and low pressure in Suez. High
polar pressure is also followed by high temperatures in
Jakobshavn and low temperatures in NerchinskE9 and
VladivostokE9.
Similarly, we find negative correlations between the
pressure anomalies in ObdorskE9 (northern Siberia) and
the temperature anomalies in the following month at
the eastern coast of Asia, in particular Vladivostok. The
study also points to a tendency to maintain the Siberian
pressure anomalies from one winter month to another.
To represent a pressure anomaly as a consequence
of another anomaly, which would be of significance for
a forecast, attempts were made to find correlations be-
tween pressure anomalies at one station and anomalies
at other stations in the previous month.
Values of Δp for previous months were examined for
Δp at StykkishólmurE9. Positive correlations could be
found with Δp in IvigtuutE9 (Greenland) for the previ-
ous month (r = 0.45) and with Δp in Stykkishólmur
itself (r = 0.38). Therefore, the tendency to maintain
a pressure anomaly can also be observed here. There is
also a negative correlation with Δp in central and south-
ern Europe (Lemberg [Lviv]E9 [r =] −0.53); and a posi-
tive correlation with Δp in YakutskE9 which is striking.
Furthermore, there is a relationship with temperature in
NovorossiyskE9, which corresponds to the simultaneous
relationship with local and central European air pres-
sure (warm temperatures on the eastern side of a low-
pressure area).
Thus, several relationships can be used to evaluate
the pressure anomaly in Stykkishólmur for an upcom-
ing winter month. By summarising several of these re-
lationships, an equation can be formed using the partial
correlations method, in which the pressure anomaly in
Stykkishólmur is a function of several anomalies from
the previous month. In simple notation, this is:
ΔP Stykkishólmur = −0.78 (Δp Lemberg)
+ 0.24 (Δp Ivigtuut) + 0.27 (Δp Yakutsk)
ΔP is the pressure anomaly one month after Δp. All
values of Δp are expressed in millimetres of mercury
(Hg) and their signs need to be taken into consideration.
Therefore, ΔP is also expressed in this unit. Obviously,
the anomaly ΔP does not exactly correspond to the term
on the right-hand side of the equation. The correlation
coefficient between the term on the right and ΔP is, in
our example, r = 0.62. The prediction of ΔP using the
above equation only succeeds to the extent given by r.
Similarly, the pressure anomaly of Ponta Delgada
(Azores) was examined in terms of relationships with
its anomalies, mostly revealing correlations with pre-
4 F.M. Exner: On monthly weather anomalies in the Northern Hemisphere Meteorol. Z., PrePub Article, 2015
vious temperature anomalies. The corresponding equa-
tion, which can be used to make a prediction, is given as
follows (using three predictors):
ΔP Ponta Delgada = −0.32 (Δt Novorossiysk)
+ 0.33 (Δt Gjesvær) + 0.52 (Δt Yakutsk)
All Δt are given in degrees Celsius and ΔP is given
in millimetres of mercury (Hg). Here, r equals 0.6,
meaning that the reliability is about the same as above.
To predict the air pressure for a location in central
Europe, Δp from preceding months in Lemberg were
examined. The correlation coefficients are considerably
smaller than both previous cases, making the result of
these experiments less favourable. The months preced-
ing a positive pressure anomaly in Lemberg are char-
acterised by low pressure to the east and north-east of
the location, and by high pressure to the southeast. A
particular emphasis should be placed on Δp in Barnaul
(−0.33) and PalermoE9 (0.28).
Meanwhile, the preceding months have negative tem-
perature anomalies on the eastern coast of North Amer-
ica (St. John’sE9 [r =] −0.38).
Similar to Stykkishólmur, negative correlations of air
pressure are located to the east; the positive correlation
is located to the west. Thus, it seems that the anomaly
Δp for a location approaches from the west, and monthly
anomalies of air pressure move from the west to the east,
as in the daily anomalies. However, there is insufficient
data to support the existence of this process.
The attempt to express the pressure anomaly in Lem-
berg using the past anomalies in three locations resulted
in a weaker result than in the case described above. Co-
efficient r is 0.44 and the corresponding equation is:
ΔP Lemberg = −0.47 (Δt St. John’s)
+ 0.15 (Δp Palermo) + 0.34 (Δp Barnaul)
Δp is given in millimetres of mercury (Hg); Δt is ex-
pressed in degrees Celsius.
The most important variable for these three cases is:
for ΔP Stykkishólmur Δp Lemberg
for ΔP Ponta Delgada Δt Novorossiysk
and Δt Lemberg
for ΔP Lemberg Δt St Johns.
The most recent calculations used to predict anoma-
lies do not claim to be more than attempts in this direc-
tion. However, they are promising and support contin-
ued exploration of available statistical material. Regard-
ing the remaining results, the reader is directed to the
original paper.
Endnotes
E1 Exner, F.M., 1913: Über monatliche Witterungs-
anomalien auf der nördlichen Erdhälfte im Win-
ter. – Sitzungsberichte d. Kaiserl. Akad. der Wis-
senschaften 122, 1165–1241.
E2 Hildebrandson, H.H., 1897: Quelques recherches
sur les centres d’action de l’atmosphère. Kongl.-
Svenska Vetenskapsakad. Handl. 29, Fasc. 3.
E3 Sir Gilbert Thomas Walker, 1868–1958, was
a British mathematician and meteorologist. In 1903
Walker moved to the India Meteorological Depart-
ment, where he worked for the next 21 years. Being
confronted with the interannual variability of the In-
dian monsoon and trying to establish a scientific ba-
sis that could be used for predictions, he started ex-
tensive correlation studies on world weather. Walker
not only applied the concept of correlation to cli-
matology (introduced by Galton (1888)), but con-
tributed significantly to its further development and is
known in statistical sciences for his work on autore-
gressive processes (see Katz, 2002). Walker’s pub-
lication series “World Weather” presented the three
major modes of large-scale variability in global cir-
culation: the Southern Oscillation, the North Atlantic
Oscillation, and the North Pacific Oscillation.
Katz, R.W., 2002: Sir Gilbert Walker and a connec-
tion between El Niño and statistics. – Statistical Sci.
17, 97–112.
E4 Galton, F., 1888: Co-relations and their Mea-
surement, chiefly from Anthropometric Data. – Proc.
Roy. Soc. London 45, 135–145.
E5 Walker, G.T., 1909: Correlation in seasonal varia-
tion of climate. – Mem. Ind. Met. Dept. 20, 122.
E6 Exner, F., 1910: Der Korrelationsfaktor und seine
Verwendung in der Meteorologie. – Meteorol. Z. 27,
263–266.
E7 Yule, U.G., 1911: Introduction to the Theory of
Statistics. – Charles Griffin & Co., Ltd., London,
376 pp.
E8 Exner, F.M., 1913: Über die Korrelationsmethode. –
G. Fischer, Jena, 36 pp.
E9 Map showing all locations mentioned in the text.
Meteorol. Z., PrePub Article, 2015 F.M. Exner: On monthly weather anomalies in the Northern Hemisphere 5
E10 Hann, J., 1890: Zur Witterungsgeschichte von
Nord-Grönland Westküste. – Meteorol. Z. 7,
109–110 (translated and edited by Volken, E. and
S. Brönnimann. – Meteorol. Z. 19 (2010),
199–205).
Hense, A., R. Glowienka-Hense, 2010: Comments
on: On the weather history of North Greenland, west
coast by Julius Hann. – Meteorol. Z. 19, 207–211.
E11 1 mm Hg corresponds to 1.33 hPa.
E12 The map is reproduced in the accompanying paper
by Hurrell and Deser.
